The influences of on-tree, off-tree and cold storage on physico-chemical and biochemical were studied and quite similar between thetwo tangerine cultivars, 'Sai Num Phueng' and 'See Thong'. In both cultivars, the percentage of weight loss increased and the moisture content of the peel (%) decreased at higher temperature and longer duration. Low temperature storage at 5°C reduced the losses of fruit weight and moisture content of the peel and preserved the external quality better than 25°C storage. During on-tree and off-tree storage at 25 and 5°C, peel chlorophyll content decreased and peel carotenoid content increased. Titratable acidity (TA), citric acid, isocitric acid and vitamin C contents decreased and juice pH increased. Malic acid content stayed relatively constant. Total soluble solids (TSS), TSS/TA ratio and sucrose content continually increased. Glucose and fructose contents slightly increased. The peel chlorophyll content, TA and citric acid content decreased faster during storage on-tree than at 25°C. The peel carotenoid, TSS and sucrose contents increased greater during storage on-tree than at 25°C. The delayed declining of peel chlorophyll, TA, and citric acid contents and the slow increases of the peel carotenoid, TSS and sucrose contents were observed at 5°C storage in comparison to 25°C. The activities of mitochondrial citrate synthase, cytosolic aconitase and cytosolic NADP-isocitrate dehydrogenase (NADP-IDH) were lower and decreased faster during storage at 25°C in comparison to storage on-tree. The activities of these enzymes, which related to citric acid metabolism, were slowed down which resulted in delaying the decrease of citric acid content during storage at 5°C in comparison to 25°C.
Introduction
Tangerine (Citrus reticulata Blanco) is a non-climacteric subtropical fruit and widely grown in many countries such as China, Spain, India, Japan, Italy and Turkey (Ladaniya, 2008) . Tangerine is also the main citrus fruits grown in Thailand and the production area is in the northern part (Office of Comercial Affairs Chiang mai, 2008). Tangerine fruit is a good source of vitamin C (Ahmad et al., 2006) . Physico-chemical changes during storage of some citrus fruit have been reported. The increase in TSS was generally observed for various citrus cultivars while organic acids (mainly citric acid) gradually declined during postharvest storage (Baldwin, 1993) . Higher storage temperature of citrus fruit resulted in rapid water loss and caused an increase in the TSS and a rapidly drops of TA and citric acid content (Ladaniya, 2008) . Vitamin C decreased during storage under ambient and refrigerated conditions and even more rapid at higher temperatures (Rapisarda et al., 2001) . Enzyme activities (e.g., pyruvate decarboxylase and alcohol dehydrogenase) have been determined during storage (Seehanam et al., 2010) . the effect of on-tree and off-tree storage on physico-chemical and biochemical changes of the two tangerine cultivars, 'Sai Num Phueng' and 'See Thong'.
Materials and Methods

Fruit Materials
After full bloom period, the young tangerine fruit (about 0.3 cm equatorial diameter) cv. 'Sai Num Phueng' and 'See Thong' were tagged on each fruit of the seven trees which grown at the Chiang Mai Thanathon orchard, Thailand. The tagged 150-170 fruits per cultivars were collected at the age of 37 weeks after full bloom (WAF) and counted as day 0 for either on-tree and off-tree storage at 25 and 5°C. For on-tree storage, the other tagged fruit were left on-tree and then harvested every 5 days for 30 days. For off-tree storage, the fruit were washed with tap water and air dried. Fruit were placed in plastic baskets and stored at 25°C, 85 ± 2 % relative humidity (RH) and 5°C, 58 ± 2 % RH in the incubators. For each sampling, 9 tagged fruits of each cultivar were harvested and divided into three replicates with 3 fruits per replication. Each fruit was carefully dissected into pulp and peel. The pooled pulp and peel of each replication were immediately frozen in liquid N2 and stored at -70°C until analysis. For sample preparation, the frozen peel of each replication was ground to a fine powder with a household blender. The frozen pulp of each replication was thawed and juice extracted using the same blender and filtered through 3 layers of muslin cloth to remove the pulp.
Determination of Weight Loss and Moisture Content of the Peel
Weight loss was determined with samples of 9 fruit per cultivar. Fruit from each cultivar were weighed on a 5 days interval during 30 days storage period at 25°C and 7 days interval during 56 days storage at 5°C. The weight losses were expressed as the percentages of their initial weight. The moisture content of the peel was determined by drying at 105°C until constant (AOAC, 2005) .
Sensory Evaluation of Fruit Visual Appearance
Tangerine fruit were rated for visual quality, wilting and shriveling, using a scale of 1 to 5 in which 5=excellent, 4=good, 3=unacceptable, 2=poor and 1=very poor. Fruit appearance was rated "unacceptable" when the score was less than or equal 3.
Measurement of Peel and Juice Color
Peel and juice colors of tangerine fruit were quantified objectively (lightness: L, chroma and hue angle values) using a colorimeter (ColorQuest XE, Hunterlab, Virginia) (McGuire, 1992) . Nine fruits were randomly selected from each cultivar to measure the peel color. Tangerine juice color was analyzed through an optical glass cuvettes of 12.5 mm path length backed with black cardboard reflectors of approximately 5% reflection in triplicate of each replication and averaged.
Determination of Carotenoid
Carotenoid was extracted with hexane: acetone: ethanolin the ratio of 50:25:25 v/v from the peel powder (Wang et al., 2007) and the juice ). All operations were conducted under subdued light to minimize oxidation of the carotenoids. All glassware was wrapped in aluminum foil to minimize exposure to light. All extracts were made and measured in triplicate for each replication and averaged. The total carotenoid content in peel and juice was measured at the absorbance of 450 nm with the extinction coefficient of 2,592 and expressed as β-carotene equivalents in µg g -1 Fresh Weight (FW) for the peel and in µg g -1 juice for the juice.
Chlorophyll Extraction and Quantification
The chlorophyll a, b and total chlorophyll from the peel powder were extracted with 80% (v/v) acetoneand determined by measuring the absorbance at 663 and 645 nm with implementation of the Arnon's equations and expressed the calculated values in µg g -1 FW. The analysis was in triplicate for each replication and averaged (Rodrigo et al., 2003) .
Measurement of TA Juice pH and TSS
The TA was determined by titration of 5 ml juice with 0.1 M NaOH until pH 8.1 and expressed as percentage of citric acid per 100 g juice) (AOAC, 2005) . The pH value of juice was measured through a digital pH meter(Consort C831, Belgium) (AOAC, 2005) . The TSS was determined using digital refractometer (ATAGO PR-101, Japan) at room temperature (AOAC, 2005) . The TA, TSS and TSS/TA ratio were determined in triplicate for each replication and averaged.
Assessment of Organic Acids
The 25 g juice was homogenized with 25 ml of 4.5% (w/v) metaphosphoric acid solution and filtered through a 0.45 μm nylon membrane filter. The filtrate was analyzed by high-performance liquid chromatography (HPLC) (HP series 1100, Agilent, Waldbrom, Germany). Organic acids were separated by an ultra aqueous C18 column (4.6×250 mm, 5µm, Restek, Germany). Detection was carried out by a visible wavelength detector (VWD) at 210 nm. Temperature of the column oven was set at 35°C. Mobile phase was 50 mMortho-phosphoric acid (v/v) at a flow rate 0.5 ml/min for 30 min. A 20 µl of each sample were put into an injection loop with an automatic system (Aarabi et al., 2008) . Authentic standards of citric acid, malic acid, isocitric acid and ascorbic acid or vitamin C were prepared in 0.05% (w/v) metaphosphoric acid. HPLC samples were run in triplicate for each replication and averaged.
Determination of Sugars
A 10 g of juice sample was diluted (1/5 dilution) with deionized water and adjusted the final volume to 50 ml in a volumetric flask. The diluted supernatant was then filtered through 0.45 μm pore size nylon membrane filter. The filtrate was analyzed by HPLC with separation by a Zorbax carbohydrate column (4.6×150 mm, 5 µm dp, Agilent Technologies, Waldbrown, Germany). Refractive index detector (RID) was connected in series and temperature of the column oven was set at 30°C. Mobile phase was 25:75 of deionized water: acetonenitrile (Merck, Darmstadt, Germany) at a 1.4 ml/ minute flow rate and 10-12 minutes stop time. The 5 µl of the sample was directly injected into the HPLC (Cabálková & Chmeĺik, 2002) . Sucrose, glucose, and fructose were used as standards. HPLC samples were run in triplicate for each replication and averaged.
Fractionation of Juice Sac Cells and Enzyme Assays
Juice vesicles of tangerine fruit were fractionated into cytosolic or soluble fraction and a crude fraction enriched with mitochondria as described by Sadka et al. (2000a) with slight modifications. Citrate synthase activity was determined by using Ellman's reagent [5,5'-dithiobis-(2-nitrobenzoic acid), DTNB]. The assay mixture was 1,500 µl and total volume composed of 0.2 mM acetyl-CoA, 0.5 mM oxaloacetate and 0.1 mM DTNB in 50 mM Tris-HCl (pH 7.8). The reaction was started by adding 20-50 µl of the extracted enzyme. The reaction product thionitrobenzoic acid (TNB) was the absorbing substance with intense absorption at 412 nm, 30°C (Kuznetsov et al., 2006) . Aconitase activity was determined using 1,500 μl, mixture composed of 40 mMTris-HCl (pH 7.5), 100 mM NaCl and 0.2 mM cis-aconitic acid. The reaction was started by adding 50-100 μl of the extracted enzyme, and the declining of cis-aconitic acid was followed by measuring the absorbance at 240 nm, 25°C (Hirai & Ueno, 1977) . NADP-IDH activity was performed in 1,500 μl reaction mixture composed of 25 mM Tris-HCl (pH 7.5), 0.5 mM DL-isocitric acid, 1 mM ß-NADP and 5 mM MgSO 4 . The reaction was started by adding 20-50 µl of the extracted enzyme. The recorded increase in production of NADPH at absorbance 340 nm, 37°C was carried out (Kubo et al., 2002) . All three enzymes activities were determined in duplicate for each replication and averaged. The protein content of the fractionated extracts were quantified according to the dye-binding assay at the absorbance of 595 nm (Bradford, 1976) in triplicate for each replication and averaged.
Statistical Analysis
All data were analyzed by analysis of variance (ANOVA) using SPSS version 14 and the differences between samping periods and cultivars were analyzed by a Least Significant Difference (LSD) comparison. The level of significant difference was indicated with the following: P < 0.05 for all comparisons.
Results and Discussion
Changes in Weight Loss, Moisture Content of the Peel and Visual Appearance Score
The percentage of weight loss significantly increased (p≤0.05) and no significant difference (P > 0.05) was detected between 'Sai Num Phueng' and 'See Thong' cultivars throughout storage period at 25 and 5°C. The weight loss was higher during storage at 25°C in comparison to 5°C. Low temperature storage at 5°C effectively delayed the weight loss (0.23% per day in both cultivars) in comparison to 25°C (0.60% per day in both cultivars) (data not shown).
Moisture content of the peel (%) for 'Sai Num Phueng' was not significant different (P > 0.05) from 'See Thong'. This content of both cultivars remained almost constant for 10 days, then slightly decreasedduring on-tree storage but gradually decreased throughout off-tree storage at 25 and 5°C. The decrease in moisture content of the peel during storage at 5°C was lower than at 25°C. Moisture content of the peel decreased about 2-3% during storage on-tree for 15 days, 11-12% at 25°C for 15 days, and about 6-7% after storage at 5°C for 14 days (data not shown).
Fruit appearance was rated ''unacceptable'' when the score was equal or below 3 from 5. The result indicated that there were a continuously decrease in the visual appearance score from the early storage until the end storage time during on-tree and off-tree storage at 25 and 5°C. There was no significant difference (P > 0.05) in the visual appearance score between the two tangerine cultivars throughout storage periods. On day 15 of on-tree storage, both cultivars reached the unacceptable score and appeared the rind color around the peel without shrivel or wrinkle. While during storage at 25 and 5°C, both cultivars reached the unacceptable score on day 10 and day 28, respectively and appeared shrivel or wrinkle but not found the rind color (data not shown).
The losses of fruit weight and moisture content of the peel were mainly caused by fruit transpiration in which water moved out and resulted in wilted rind and a shriveled appearance (Wills et al., 2007) . In orange and mandarin, even 5-6% water loss could result in some changes in appearance and firmness of the fruit that could be detrimental to its marketability (Ladaniya, 2008) . Storage tangerine fruit at low temperature (5°C) could reduce the weight loss and the peel moisture content loss. Similar results were obtained with two blood orange varieties. The data showed that the increase of weight loss was greater at 22°C storage than 8°C (Rapisarda et al., 2001) . Low temperature storage for fresh orange and mandarin was required to operate within the range of 1-5°C (Ladaniya, 2008) . Usually, the fruit weight loss and the water loss in peel were more rapidly during storage under low-humidity condition (Ladaniya, 2008) . However, the results found that the losses of fruit weight and moisture content of the peel during storage at 5°C, 58±2% RH were lower than that of at 25°C, 85±2% RH in both tangerine cultivars. This trend was similar to tangerine fruit with various coatings, which the weight loss was relatively slow at 5°C, 64% RH in comparison to at 25°C, 87% RH (Roongruangsri et al., 2009 ). These could be suggested that the temperature storage had a greater influence than the relative humidity in the control of weight loss and moisture content of the peel.
Changes in Peeltristimulus Color and Pigments
Peel color changed from yellow-orange to orange during on-tree and off-tree storage at 25 and 5°C. Peel L, chroma and hue angle values did not significantly differ (P > 0.05) between both cultivars. Peel L value of both cultivars remained almost constant, chroma value slightly increased and hue angle value slightly decreased during on-tree storage for 20 days. Thereafter, peel L and chroma values decreased and hue angle value remained almost constant. Peel chlorophyll a and b and total chlorophyll contents were not significantly different (P > 0.05) between both cultivars.Peel total carotenoid content of 'Sai Num Phueng' cultivar was significantly lower (P ≤ 0.05) than 'See Thong' cultivar. During on-tree storage, peel chlorophyll a, b and total chlorophyll contents of both cultivars continually decreased until day 20 and then remained almost constant at low levels. Peel total carotenoid content continually increased until day 20 and then decreased. Throughout storage at 25 and 5°C, peel chlorophyll a, b and total chlorophyll contents slowly decreased and peel total carotenoid content slightly increased. The decrease in peel total chlorophyll content and the increase in peel total carotenoid content were faster during storage on-tree than at 25°C (Figure 1 ). Peel total chlorophyll content of 'Sai Num Phueng' and 'See Thong' cultivars bleached up to 69 and 63% during on-tree storage for 15 days, 46 and 40% after storage at 25°C for 15 days, and 26 and 31% after storage at 5°C for 14 days, respectively. Peel total carotenoid content increased about 24 and 29% after on-tree storage for 15 days, about 18 and 16% at 25°C for 15 days, and about 12 and 14% after storage at 5°C for 14 days, respectively.
The loss of green color was the obvious changes of the fruit, which was due to the degradation of chlorophyll and the accumulation in carotenoid pigments during storage (Wills et al., 2007) . Total chlorophyll content declined and total carotenoid content increased in parallel with the decrease in the hue angle value showing the peel of both cultivars turned from yellow-orange to orange throughout on-tree and off-tree storage at 25 and 5°C. The storage temperature influenced on the color changes of citrus fruit through biochemical processes and hormone levels in the fruit (Goldschmidt, 1988) . Carotenoid content of Satsuma mandarin in the peel rapidly increased under storage condition at 20°C. This was in contrary to storage at 5°C, carotenoid content in the peel slowly increased (Matsumoto et al., 2009 ). The optimal temperature for carotenoid accumulation in the peel was in the range of 15-25°C (Rodrigo & Zacarias, 2007) . • peel total chlorophyll of 'Sai Num Phueng', ▲ peel total chlorophyll of 'See Thong', ■ peel total carotenoid of 'Sai Num Phueng' and ♦ peel total carotenoid of 'See Thong'
Changes in Juice Tristimulus Color and Pigments
Juice L, chroma and hue angle values for both cultivars were not significantly different (P > 0.05). During on-tree storage, juice L value of both cultivars remained almost constant, juice chroma value increased and juice hue angle value decreased until day 20. Juice total carotenoid content did not significantly differ (P > 0.05) among 'Sai Num Phueng' and 'See Thong' cultivars. This content continually increased until day 20, and then decreased during on-tree storage in both cultivars. It increased about 16 and 15% after storage on-tree for 15 days, respectively. However, this content continually decreased throughout storage at 25°C while slightly decreased during storage at 5°C. It decreased about 14 and 16% during storage at 25°C for 15 days, and about 4 and 3% after storage at 5°C for 14 days, respectively (Figure 2 ). Carotenoid content in juice sacs of orange was accumulated during fruit maturation ) and slightly declined during storage (Rodrigo & Zacarias, 2007) . This content were maintained during storage at 5°C but gradually decreased during storage at 25°C in both tangerine cultivars. The similar results was reported in with 'Valencia late' orange juice (Meléndez-Martínez et al., 2007) and Satsuma mandarin (Matsumoto et al., 2009 ).
Figure 2. Changes in juice total carotenoid content during on-tree (A) and off-tree storage at 25°C (B) and 5°C (C) of two tangerine cultivars, 'Sai Num Phueng' (•) and 'See Thong' (▲)
Changes in TA, Juice pH and Organic Acids Contents
TA of 'Sai Num Phueng' was significantly higher (P ≤ 0.05) than 'See Thong' and continually decreased in both cultivars during on-tree and off-tree storage at 25 and 5°C (Figure 3 ). The initially TA of 'Sai Num Phueng' and 'See Thong' cultivars was 0.86 and 0.69% (of citric acid per 100 g juice), respectively. The decrease in TA was faster during storage on-tree than at 25°C. The decrease in TA was slower during storage at 5°C than at 25°C. TA decreased to 0.63 and 0.53% during storage on-tree for 15 days, in comparison to 0.72 and 0.62% at 25°C for 15 days, and decreased to 0.79 and 0.66% after storage at 5°C for 14 days, respectively.
The initial juice pH of both cultivars was 3.51 and 3.76 which 'Sai Num Phueng' had a significant lower juice pH than 'See Thong'. Juice pH increased to 3.92 and 4.12 after storage on-tree for 15 days, to 3.77 and 3.90 at 25°C for 15 days, and to 3.75 and 3.90 during storage at 5°C for 14 days, respectively (data not shown).
Citric acid content was significantly higher (P ≤ 0.05) in 'Sai Num Phueng' in comparison with 'See Thong' and continually decreased throughout on-tree and off-tree storage at 25 and 5°C (Figure 3 ). The initial citric acid content of both cultivars was 9.12 and 6.52 mg g -1 juice, respectively. The decrease in citric acid content was faster The isocitric acid content of 'Sai Num Phueng' was significantly lower (P ≤ 0.05) than 'See Thong' and slightly decreased from 0.32 to 0.18 g mg g -1 juice during on-tree and off-tree storage at 25 and 5°C. Malic acid content not significantly differ (P > 0.05) among both cultivars and remained relatively constant throughout on-tree and off-tree storage with 1.52-1.78 g mg g -1 juice (data not shown).
Vitamin C content of both tangerine cultivars slightly decreased during on-tree storage and continually decreased during storage at 25 and 5°C. Sai Num Phueng' had significantly higher (P ≤ 0.05) in vitamin C content than that of 'See Thong' (Figure 4) . The initial vitamin C content of both cultivars was 0.34 and 0.26 mg g -1 juice, respectively. This content of both cultivars during storage at 25°C decreased faster than storage on-tree or at 5°C. Vitamin C content of 'Sai Num Phueng' and 'See Thong' cultivars decreased about 15 and 16% during storage on-tree for 15 days, about 33 and 31% at 25°C for 15 days, and about 20 and 24% after storage at 5°C for 14 days, respectively. Citric acid content had been reported to decrease during storage (Grierson & Ben-Yehoshua, 1986 ) and also declined during cold storage in almost citrus fruit such as mandarin, orange and grapefruit (Ladaniya, 2008) . The decline in citric acid content during storage of citrus fruit might be due to the utilization of organic acids for energy production (Purvis, 1983a) . It might be due to the conversion of organic acids to sugar through gluconeogenesis www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 2; 2013 (Echeverria & Burns, 1989) . It was also possible that acids were used for alcoholic fermentation in harvested citrus (Echeverria & Burns, 1989) . The results showed that the decreases in TA and citric acid content were faster during storage on-tree than at 25°C. This might be because of citrus fruit did not undergo rapid chemical or physical changes after removal from the tree (Ting & Attaway, 1971) . Moreover, during on-tree, citrus fruit required more organic acids (citric and malic acids) to create energy for carrying out metabolic reactions in transportation of metabolites, maintenance of cellular organization as well as membrane permeability, and to synthesis of new molecules in comparison with the detached fruitb (Ladaniya, 2008) .
Higher storage temperature resulted in rapid water loss and caused the increase in TSS and the rapidly drop of TA and citric acid content (Chundawat et al., 1978) . The results indicated the delayed decreasing in TA and citric acid content of both tangerine cultivars at 5°C in comparison with 25°C. This trend was similar to 'Hayashi' Satsuma in which the loss in TA was relatively slow at minimum level of 5°C than at 15°C for up to 2 months (Izumi et al., 1990) . If the temperature was kept at a higher level, the acidity tended to decline at a faster rate in various sweet orange cultivars (Chattopadhyay et al., 1992) .
The loss of vitamin C about 10-20% in usual handling and marketing practices of fresh fruit were common (Wills et al., 2007) . The longer duration of storage resulted in the higher vitamin C loss of citrus fruit (Ting & Attaway, 1971) . Various reports had shown that vitamin C decreased under ambient and refrigerated conditions during storage of citrus fruit such as blood orange, sweet orange and mandarin (Rapisarda et al., 2001) . The vitamin C loss was more rapid at www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 2; higher temperatures storage (Wills et al., 1984) and also agreed with the report for 'Hayashi' Satsuma that the vitamin C content decreased slower at 5°C than at 15°C (Izumi et al., 1990) .
Changes in TSS, TSS/TA Ratio and Sugars Contents
TSS (%) of 'Sai Num Phueng' was significantly higher (p≤0.05) than 'See Thong' throughout on-tree and off-tree storage at 25 and 5°C ( Figure 5 ) and the initial TSS were 11.38 and 11.10% respectively. During on-tree storage, TSS of both cultivars increased until day 20 and then slightly decreased. TSS continually increased during storage at 25 and 5°C. TSS increased to 13.19 and 12.83% after storage on-tree for 15 days, to 12.50% and 12.08% at 25°C for 15 days, and to 12.23 and 11.90% during storage at 5°C for 14 days, respectively. TSS/TA ratio was increased and significantly lower (p≤0.05) in 'Sai Num Phueng' than 'See Thong during on-tree and off-tree storage at 25 and 5°C. The initial TSS/TA ratio of 'Sai Num Phueng' and 'See Thong' cultivars was 13.26 and 16.07, respectively. TSS/TA ratio during storage on-tree was significantly higher than 25°C throughout storage period. TSS/TA ratio increased to 20.85 and 24.11 during storage on-tree for 15 days, to 18.04 and 20.53 at 25°C for 15 days, and to 15.53 and 17.99 after storage at 5°C for 14 days, respectively (data not shown).
Sucrose content of 'Sai Num Phueng' was significantly higher (p≤0.05) than that of 'See Thong'. The initial sucrose content was 43.69 and 39.61 mg g -1 juice, respectively. During on-tree storage, sucrose content increased until day 20 and then slightly decreased. This content was slightly higher during storage on-tree than at 25°C. The increase in sucrose content was slower during storage at 5°C than that of 25°C throughout storage period ( Figure 5 ). The increase in TSS and the decrease in TA during storage for both tangerine cultivars agreed with several varieties of citrus fruit (Purvis, 1983b) such as 'Tacle' and 'Clara' mandarin (Rapisarda et al., 2008b) , 'Ougan' and 'Hongju' mandarin (Ye et al., 2000) . In 'Hamlin' orange and 'Robinson' tangerine, the increase in TSS was accompanied by a parallel increase in sucrose and a concomitant decline in acid content during 9 weeks of storage at 15°C . The previous study found that the increase in TSS was not only due to water loss and the consequential increase in solute concentrations (Purvis, 1983b) . The possible reasons causing TSS increase and TA decrease was due to the conversion of organic acids to sugars through gluconeogenesis . Moreover, the degradation of cellulose, hemicellulose and pectin from cell walls within fruit segments might release soluble components which could have a direct effect on TSS (Echeverria et al., 1988) . It was found that solubilization of cell water constituents bygalactosidases and glucosidases presented in citrus fruit, might have contributed to increase in TSS levels (Echeverria, 1990) .
The results showed that TSS and sucrose content were higher during storage on-tree than at 25°C. It was possible that in the off-tree fruit, the additional soluble sugars (photoassimilate), which produced from the photosynthesis had already ceased . Conversion of organic acids to sugars through the gluconeogenic pathway was possible but only during the first weeks after harvest . This was compared to the on-tree fruit which still had the photosynthesis activity to continue sugar synthesis process (Kays & Paull, 2004) .
The decrease in acid contents and the increase in TSS resulted in the increase in TSS/TA ratio of both tangerine cultivars during on-tree and off-tree storage at 25 and 5°C. The increase in TSS/TA ratio had influenced on the taste due to lower acidity and stronger sweetness (Iglesias & Echeverria, 2009) . During storage of orange, organic acids decreased faster than sugars so that the fruit was predicted to be slightly sweeter in holding (Samson, 1986) . TSS/TA ratio increased by 10% along with a 20-folds increase in ethanol (Echeverria & Ismail, 1990 ).
Changes in Citrate Synthase, Aconitase and NADP-IDH Activities
Citrate synthase activity was detected only in mitochondrial fraction. Aconitase activity was detected in both mitochondrial and cytosolic fractions. NADP-isocitrate dehydrogenase (NADP-IDH) activity was detected in cytosolic fraction.
Mitochondrial Citrate Synthase Activity
Mitochondrial citrate synthase activity was not significantly different (P > 0.05) between 'Sai Num Phueng' and 'See Thong' cultivars throughout on-tree and off-tree storage at 25 and 5°C (Figure 6 ). The initial mitochondrial citrate synthase activity was 2.82 and 2.93 unit mg -1 protein, respectively. Mitochondrial citrate synthase activity remained almost constant until day 10 and then slightly decreased during storage on-tree. However, this activity continuously decreased throughout storage at 25°C while sharply decreased on day 7 and then remained relatively constant at low level until the end of storage period at 5°C. Mitochondrial citrate synthase activity was 2.59 and 2.52 unit mg -1 protein during storage on-tree for 15 days, 1.47 and 0.97 unit mg -1 protein at 25°C for 15 days, as well as 0.62 and 0.67 unit mg -1 protein after storage at 5°C for 14 days, respectively. Aconitase activity in the mitochondrial fraction was not significantly different (P > 0.05) between the two tangerine cultivars throughout on-tree and off-tree storage at 25 and 5°C ( Figure 6 ). The initial mitochondrial aconitase activity of 'Sai Num Phueng' and 'See Thong' cultivars was 0.78 and 0.83 unit mg -1 protein, respectively. This activity slightly decreased during storage on-tree and off-tree at 25 and 5°C. Mitochondrial aconitase activity was 0.65 and 0.53 unit mg -1 protein during storage on-tree for 15 days, 0.51 and 0.57 mg g -1 juice at 25°C for 15 days, as well as 0.23 and 0.24 unit mg -1 protein after storage at 5°C for 14 days, respectively.
Cytosolic Aconitase and NADP-IDH Activities
Aconitase and NADP-IDH activities in the cytosolic fraction did not differ significantly (P > 0.05) between 'Sai Num Phueng' and 'See Thong' cultivars ( Figure 7) . The initial cytosolic aconitase activity was 3.21 and 3.43 unit mg -1 protein and cytosolic NADP-IDH activity was 0.24 and 0.25 unit mg -1 protein, respectively. Cytosolic aconitase and NADP-IDH activities remained stable until day 10 and then significantly decreased during storage on-tree of both cultivars. These two enzyme activities gradually decreased throughout storage at 25°C but rapidly decreased on day 7, and then remained almost constant at very low level throughout storage period at 5°C. Aconitase activity was 2.28 and 2.27 unit mg -1 protein during storage on-tree for 15 days, The activities of mitochondrial citrate synthase, cytosolic aconitase and cytosolic NADP-IDH decreased faster during storage at 25°C in comparison to storage on-tree. These three enzyme activities were higher during storage at 25°C than at 5°C (Figures 6-7) . The biochemical changes during storage of citrus fruit had been reported for pyruvate decarboxylase and alcohol dehydrogenase activities of coated tangerine fruit. It was indicated that these enzyme activities were lower during storage at 5°C than at ambient temperature (Seehanam et al., 2010) . Moreover, the activities of polyphenoloxidase, peroxidase (Chauhan et al., 1980) , polymethylesterase, polygalacturonase, and cellulose (Nagar, 1994) increased during ambient temperature storage, which indicated the senescence of citrus fruit (Davis & Albrigo, 1994) . During storage of tomato at 20°C, alcohol dehydrogenase activity remained constant throughout the storage period. The activity of this enzyme decreased after storage for 6 days at 10°C which was lower than the fruit at 20°C storage (De Leon-Sanchez et al., 2009 ). The results showed that cytosolic aconitase and cytosolic NADP-IDH activities in both cultivars stored at 25°C showed greater decrease than the fruit left on-tree. This was in agreement with citric acid content of these fruit stored 25°C which showed the lower decrease in citric acid content than the fruit left on-tree.
Conclusion
The effects of on-tree, off-tree and cold storage on physico-chemical and biochemical changes were quite similar in 'Sai Num Phueng' and 'See Thong' cultivars. Low temperature storage at 5°C reduced the losses of fruit weight and moisture content of the peel and preserved the external quality better than 25°C storage. Both tangerine cultivars could store for almost 10 days at 25°C and 28 days at 5°C, and could leave on the tree for 15 days without the loss in visual appearance. The peel chlorophyll content, TA and citric acid content decreased faster during storage on-tree than at 25°C. The peel carotenoid, TSS and sucrose contents increased greater during storage on-tree than at 25°C. The delayed declining of peel chlorophyll, TA, and citric acid contents and the slow increases of the peel carotenoid, TSS and sucrose contents were observed at 5°C storage in comparison to 25°C. Low temperature storage could preserve carotenoid and vitamin C contents in juice better than 25°C storage. The activities of enzymes in relation to citric acid metabolism were slowed down which resulted in delaying the decrease of TA and citric acid content during storage at 5°C in comparison to 25°C.
